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ABSTRACT. The paper presents and analyze snow and meteorological conditions 
of 2012-2013 winter, which led to the estimation of high and very high avalanche 
risk  in  Bucegi  and  Făgăraş  Mountains,  the  two  areas  covered  by  nivological 
program of the Romanian National Meteorological Administration. The avalanche 
risk was estimated according to the European scale of avalanche risk, in daily 
bulletins. Daily observations and weekly snow measurements were used, from 
Vârful Omu (2504 m), Sinaia (1500 m), Predeal (1100m) and Bâlea-Lac (2055m) 
weather stations. 
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1.  INTRODUCTION 
 
In the last years, the number of off-piste skiers in our mountains has highly 
increased,  practitioners  being subject to  avalanche  risk  in  alpine  areas. Thus, 
studies about snow stability, avalanche triggering conditions and endangered areas 
are highly needed.  
At National Meteorological Administration, the 2012-2013 winter was the 
tenth,  since the beginning of  nivological  observations and measurements  in 
February 2004. Daily bulletins that include avalanche risk estimations are issued 
since January 2005, according to the European Avalanche Danger Scale. Annual 
reports include studies about the evolution of avalanche risk during winters (2011, 
2012, 2013).  
The study aims to present and analyze snow and meteorological parameters 
evolution during 2012-2013 winter, which led to the estimation of high and very 
high avalanche risk in the monitored area of Bucegi and northern Făgăraş 
mountains. High and very high avalanche risk represents a potential threat to skiers 
and tourists, because in these cases the snowpack is unstable and poorly bonded on 
most steep slopes and numerous natural, spontaneous, avalanches can be expected. 
Because of the variety of conditions that can lead to instability of snow, every risk 
situations should be studied, in order to create a pattern of avalanche danger (Green 
et al. 2006) and improve avalanche risk forecasting. 
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                                                 2.  SNOW EVOLUTION DURING 2012-2013 WINTER 
 
Meteorological and snow parameters are measured at four weather stations 
within the snow and avalanche program: Vârful Omu, Sinaia, Predeal and Bâlea-
Lac. Based on these data, the avalanche risk is estimated for Bucegi and Făgăraş 
Mountains (Fig. 1). 
 
 
Fig. 1. Meteorological stations in Bucegi and Făgăraş Mountains 
 
During 2012-2013 winter, snow was continuous at all four meteorological 
stations, from  December 03, 2012 up to March 31, 2013 (Fig. 1). The highest snow 
was recorded at Bâlea-Lac, on  April 6, and had a value of 273 cm. At the other 
stations, the highest values were of 176 cm at Vârful Omu (on april 11 and 15), 105 
cm in Sinaia (February 11 and 24) and 75 cm in Predeal (on February 11) (Fig.2). 
 
SNOW HEIGHT VARIATION DURING 2012-2013 WINTER SEASON
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Fig. 2. Snow thickness variations at weather stations Bâlea-Lac, Vârful 
Omu, Sinaia and Predeal, during 01.12.2012-30.05.2013 
331 There have been several episodes of snowfall (Fig. 2), some of them 
heavy, leading to significant increases in the snow amount and at the same time to 
the increase of avalanche risk. From December 8 to 9, snow increased 43 cm in 
Sinaia (from 16 to 59 cm), 38 cm in Predeal (from 14 to 52 cm), 29 cm in Bâlea-
Lac (31 to 60 cm). Another 20 cm of snow falled at Bâlea-Lac on December 9. 
Two days later, other 47 cm of new snow have been added in Bâlea-Lac (between 
11 and 13th December), while in Bucegi Mountains the amount of new snow was 
lower, only 16 cm in Sinaia, 13 cm in Predeal and 10 cm at Vârful Omu. Between 
3 and 8 January, snow has increased at Bâlea-Lac with 112 cm (68 to 180 cm ), 40 
cm in Predeal (31 to 71 cm), 32 cm at Vârful Omu (44 to 76 cm) and 20 cm in 
Sinaia (43 to 63 cm). From 19 to 23rd March, snow has increased by 51 cm at 
Bâlea-Lac (from 215 to 261 cm), 21 cm in Predeal (17 to 38 cm), 10 cm in Sinaia 
(from 63 to 73 cm) and only 7 cm at Vârfu Omu (130 to 137 cm) . Last great 
snowfall happend between 3 and 6th of April, when 53 cm new snow were added 
at Bâlea-Lac (from 220 to 273 cm) and 32 cm in Vârfu Omu (138 to 170 cm). 
 
3.  AVALANCHE RISK ESTIMATION 
 
Estimating the avalanche risk at one mountain massif scale is made in 
accordance with the European avalanche risk scale, by taking into account snow 
stability on slopes with different orientations and inclinations. Maximum estimated 
avalanche risk for one day is considered the highest between all monitored 
mountains. For this season, the maximum avalanche risk estimated coincided with 
the estimated risk values for the northern part of the Făgăraş Mountains at altitudes 
over 1800 m: risk 5/very high (2,8%), risk 4/high (18,3%), risk 3/considerable 
(44,4 %), risk 2/moderate (33.8 %) and risk 1/low (0,7 %) (Fig. 3). 
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Fig. 3. Maximum avalanche risk estimated during 2012-2013 winter 
 
For Bucegi Mountains, the estimated avalanche risk was high (4) between 
10 and 15 December 2012 over the of entire massif, from 7 to 17th of January at 
altitudes above 1800 meters (and considerable below) and between 22-29 March 
and 5-6 April at altitudes above 1800 meters. 
Comparing the estimated avalanche risk for Bucegi and Făgăraş Mountains 
at altitudes higher than 1800 meters, it is observed that the very high risk (5) was 
332 used only for Făgăraş, where the percentage use of high risk (4) was also greater 
than in Bucegi. 
More than 50 avalanches within 43 days have been observed and reported 
by meteorological observers, members of rescue formations or tourists groups. 
Most numerous days with avalanches were reported in March (14), February (12), 
January (6), December (5); in some cases, several avalanches were recorded daily. 
According to the estimated avalanche, most avalanches have occurred on days with 
considerable avalanche risk (15), 13 on high risk, 12 at moderate risk, 2 at very 
high risk and 1 at low risk . 
Snow structure was known after the snow profiles made weekly, beginning 
by December 6, 2012 at Bâlea-Lac and December 13 to 15 in Sinaia, Predeal and 
Vârful Omu. During this winter, 103 stratigraphic profiles have been made at the 
meteorological stations and out into the field.  
 
4.  PERIODS WITH HIGH AND VERY HIGH AVALANCHE RISK 
 
During this winter there have been three periods of high or very high 
avalanche risk for several days, usually estimated only for altitudes above 1800 
meters: 10-15 December 2012, 7-17 January 2013, 21 March – 1st April 2013 and 
5-6 April 2013. 
 
4.1. Meteorological and snow conditions from 10 to 15 December 2012 
 
During this period, estimated avalanche risk was high (4) for both 
mountains, Făgăraş and Bucegi, especially because of the significant, sometimes 
abundant, snowfalls that felt for several days. The first snowfall began on 
December 8; at Bâlea-Lac new snow measured 41 cm next day, while air 
temperature had values of -10...-5 degrees. The second episode occurred on the 
night of 11/12 December, up to December 13 in the morning, when the new snow 
deposits measured 47 cm, with 32 cm deposited on December 13, at very low air 
temperatures, of -17...-15 degrees. That powdered snow was light and with very 
poor cohesion between the snow crystals. The large amount of non-cohesive snow 
increased the risk of spontaneous avalanche triggering on most inclined slopes, so 
that the estimated avalanche risk for this period was high (4).  
After the snowfall stopped, during December 13, the weather became fine 
and the temperatures rised very rapidly, so that the maximum temperatures of 14 
and 15 December reached -0,2 and -1,1 degrees respectively. The rapid 
temperatures increase is also an aggravating factor for avalanche triggering, that’s 
why the estimated avalanche risk still remained as high (4) (Fig. 4). 
From 7 to 13th December, the snow amount has raised by 97 cm at Bâlea-
Lac (30 to 127 cm), 80 cm at Sinaia (16 to 96 cm), 60 cm in Predeal (14 to 74 cm) 
and 35 cm at Vârful Omu (14 to 49 cm). Snow profiles made during this period 
showed the light resistance of the snow layer at different meteorological stations, 
as well as the instable structure. The snow contained mainly new snow and fine 
crystals, very poorly bounded. 
333 Avalanche risk, snow height, new snow and temperature 
at Bâlea-Lac meteorological station, during december 8-15, 2012
127
101
95
80
127
123 121
107
97
39
60
80
84 84
31 34
-20
-10
0
10
20
30
40
50
60
70
80
90
100
110
120
130
140
08/12/12 09/12/12 10/12/12 11/12/12 12/12/12 13/12/12 14/12/12 15/12/12 days
snow height (cm)
snow height new snow temperature
RISC MARE (4)
RISC (3)
RISC 
 
Fig. 4. Avalanche risk, snow height, fresh snow and air temperature at Bâlea-Lac 
weather station, during 8-15 december 2012 
 
4.2. Meteorological and snow conditions from 7 to 17 January 2013  
 
The second period with high and very high avalanche risk was from 7 to  
17th January 2013, with a very high risk (5) between 8 and 11 January. The  high 
risk was estimated only for altitudes above 1,800 meters, in both Bucegi and 
Făgăraş massifs. On the first day of that period, the weather has cooled, becoming 
frosty at night and in the morning. It snowed throughout all the mountainous area, 
mostly weak amounts, except in the Făgăraş mountains, where 30 cm of fresh snow 
have been deposited. Wind intensification caused important snow accumulations.  
Between 8 and 11 January, weather remained cold, frosty by night and 
morning, and heated gently only on the last day. Very few snow felt and the wind 
was intense, shatering the snow. In January 8, the new powdered, light snow, has 
formed deposites that reached 50 cm at Bâlea-Lac, while the accumulated snow in 
the last three days reached an average of 80-100 cm. This weak layer was 
deposited over ice crusts, beneath which was the oldest compact and stable snow 
layer; it consisted of light snow without cohesion between particles or with the ice 
layer underneath. The very low temperatures slowed down the metamorphosis 
process of snow crystals, and so the powdered snow structure was maintained for 
several days. Due to the large amount of this new, powdered and light snow, the 
stability of the top snow layer was very poor. That was why on steep slopes the 
possibilty of spontaneously large avalanches was very high. Under the 
circumstances, a very high avalanche risk was estimated (Fig. 5). 
During 12 and 13 of January, there was little snow, but the wind was 
strong (21 m/s at Bâlea-Lac). Snow continued to have an unstable structure to the 
upper half, while the base, above ground, was stable and compact. Between these 
334 two different layers, there were older ice crusts. Cold temperatures have 
maintained the snow type and structure on the upper part of the snow layer. 
Although the weather warming will be felt through an increase of the air 
temperature by 5-7 degrees, temperatures will still remaine negative, the 
transformation of the snow being a slow one. On the steeply inclined slopes, the 
spontaneous avalanche triggering  was still very high. 
 
Avalanche risk, snow height, new snow and temperature 
at Bâlea-Lac meteorological station, during january 5-19, 2013
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Fig. 5. Avalanche risk, snow height, fresh snow and air temperature at Bâlea-Lac 
weather station, during 5-97 january 2013 
 
From January 14 to 16, in high mountain areas, the weather was fine and 
temperatures raised, but the wind was intense (gusts over 100 km/h at Bâlea-Lac 
and Vârfu Omu). Snow will continue to settle, due to the higher temperatures. On 
the upper part, the snow layer has become more compact, due to the weak 
bounderies between crystals, but was still less resistant. Under that layer there were 
40-60 cm of snow with low strength and cohesion between the crystals.  By 
overloading, the surface layer could easily crack and the rupture propagate inside, 
triggering avalanches. On south-oriented slopes, the possibility of spontaneous 
release for medium or large avalanches was high. 
 
4.3. Meteorological and snow conditions from 21st March to 1st April, 
and 5-6 April 2013 
 
In the first two days, the weather has cooled down and snow falled over the 
entire mountain area; the new snow amount measured 42 cm at Bâlea-Lac. The 
snow was powder type, light and with poor cohesion between snow crystals and 
with the compact layer beneath, composed of fine and faceted crystals, separated 
335 by thin crusts of ice. The last 40 cm to ground were formed mainly by depth hoar. 
The significant top layer was poor stabilized and with low resistance, thus being 
able to easily deploy on steep slopes and lead to avalanche triggering.  
The rise of temperatures in the following days favored bond formation 
between snow crystals from the upper part of the layer; this kind of light bonds are  
easily allowing the propagation of cracks inside the whole layer.  Given these 
circumstances, the significant surface layer could easily deploy, under its own 
weight on the inclined slopes, or even through a weak overload, triggering 
avalanches. 
Beginning with March 25, the weather has gradually warmed. Maximum 
temperatures were positive on  March 27, up to +4.4 degrees at Bâlea-Lac in the 
30th. The snow has melted gradually throughout all the mountainous area, reaching 
235 cm in Bâlea-Lac at the end of the month (Fig. 6).  
In 27 and 28 march, over the older stabilized snow, a new fresh, light snow 
layer falled, with no cohesion between crystals, measuring 40-60 cm on average 
(Fig.6), with more significant deposits in sheltered places where it was carried by 
the wind. This significant amount of snow could act as an overload, leading to 
spontaneous onset of medium and large avalanches. 
 
Avalanche risk, snow height, new snow and temperature 
at Bâlea-Lac meteorological station, during march 21 - april 8, 2013
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Fig. 6. Avalanche risk, snow height, fresh snow and air temperature at Bâlea-Lac 
weather station, during 21.03-08.04.2013 
 
The next two days, 30 and 31 march, top layer snow continued to settle due 
to the increase in air temperature and weak cohesion bonds between snow crystals 
were formed. The fresh snow was heavy and lightly wet, acting as an overload over 
the 40-60 cm of less resistant and stabilized layer existing at the surface. Thus, 
336 spontaneous medium and large avalanches could trigger, and the avalanche risk 
remained high (4).  
In early April, mixed precipitation have been reported, quantitatively 
significant  on days 3 and 4 April, when the snow has increased by 34 cm. 
Precipitations continued until April 6 and were mostly as snow, so that snow layer 
continued to increase up to 273 cm, the maximum thickness recorded at Bâlea-Lac 
during this season (Fig. 6). Avalanche risk rised again to high, due to this new 
important amount of fresh and also wet snow. 
 
5.  CONCLUSIONS   
 
The presented cases show that avalanches do not occur only under the 
direct influence of heavy snowfall or increasing temperatures, but also depend on 
snow crystals transformations within the layer, especially on the formation of 
faceted, unstable crystals inside. Therefore, to avoid any human life loss, but also 
to prevent massive accidents with significant economic damage, permanent snow 
and avalanche measurements are needed, especially in areas with high tourist 
potential.  
Risk statements, the number and conditions of avalanche risk estimation 
and avalanches that occur on the field, serves to understand how these informations 
are received and used by beneficiaries, in order to improve their quality. 
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